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Abstract
The importance of using beam testing to measure the angular response of particle instruments is illustrated through the development cycle of the Fixed Sensor Head (FSH) instrument that will be flown on the US Air Force's Demonstration and Science eXperiment (DSX) mission. During its construction, the FSH was tested using particle beams many times and each test yielded an important result that contributed to the design of the instrument before being delivered in Aug. 2010.
After several lower energy (<30 keV) beam calibration tests at Hanscom
Air Force Base demonstrated that the FSH was performing very well, a final, higher energy (150 keV < E < 1 MeV) beam test at the Goddard Space Flight Center was almost skipped due to budget and scheduling constraints.
This final test illuminated a major problem with the biasing of a detector guard ring that would have been difficult if not impossible to track down on orbit. The problem was easily fixed, but serves to highlight the necessity of testing instruments across the entire range of possible stimuli that they may encounter.
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24
MeV) of particles it will encounter on orbit.
25
The final beam calibration was performed, and during this test, a ma-
26
jor problem with the biasing of the detector guard ring was discovered and 27 corrected. 
Sensor Configuration

29
The detector is mounted in a telescope geometry as shown in Figure 1 .
30
The FSH telescope has a total field-of-view of 70
• with 62
by the active pixel areas. The opening aperture of the telescope is 1 mm 2 .
32
Each pixel as has a geometrical factor of ≈ 0.00025cm 2 sr. The 6-pixel, 1000 µm thick, Si detector was produced by Micron Semicon- Each of the six pixels is surrounded by a common guard ring separated 39 from the active area of the pixel by 50 µm as well as a series of concentric 40 guard rings that surround the entire group of pixels. Between the pixels, the 41 guard ring is 100 µm wide.
42
Guard rings are a common noise reduction device used in the design of to 8-bits using an ADC before being read-out by the digital processing unit.
55
Each channel of the RENA chip is independent and highly configurable. 
Beam Testing
61
The general method for all of the beam tests was to place the FSH on 62 an articulating platform and rotate it through a uniform, mono-energetic, The configuration of the Goddard beam calibration tests is shown in Fig-76 ure 3. The FSH is placed on a rotating platform with a pivot point directly 77 underneath the opening of the center telescope's aperture. A mono-energetic, can be obtained by observing the counting rate of the instrument over time.
84
At Hanscom, the beam chamber was large enough that the FSH could be ro-85 tated through ≈ ±55
• allowing the mechanical cutoff of the telescope to be 86 observed. At the GSFC, a smaller chamber restricted the rotation to ≈ ±28
• 87 so that only the very edge of the mechanical cutoff could be observed. 
Goddard Space Flight Center June 2009 Beam Test
93
The cutoff at large angles provided by the mechanical configuration of the 94 telescope also proved to be very poor. At both ends of the angular response,
95
it can be seen that the counts in dark pixels (pixels not directly illuminated 96 by the electron beam) began to rise. This was the result of scattering off of 97 the interior structure of the FSH telescope. After this test, the telescope was 98 modified to the configuration shown in Figure 1 . 
Hanscom Air Force Base Beam Tests
100
After the initial beam test at the GSFC, several beam tests were per- 
107
The FSH demonstrated a very sharp angular cutoff in the pixels with no 108 foil (P13, P14, and P15). In the other pixels much of the angular resolution 109 is lost by scattering in the foils. It is easily seen that the foils also attenuate both money and schedule. After much debate, the FSH was taken to the 125 GSFC a second time for a test with higher energy particles (>30 keV) before 126 it was delivered to the Air Force.
127
Upon placing the FSH in the beam at the GSFC, the response in the The middle panel of Figure 7 shows marked improvement over the top 140 panel, however a significant number of counts were still being observed in 141 dark pixels. Figure 8 shows that the events responsible for these counts were 142
11
Approved for Public Release; Distribution is Unlimited. coming in at low energies. This is also the case with the "wings" that can 143 be seen in the response of the pixels in the background of the plot. Further speculation on source of these counts led to the hypothesis that 145 events were liberating charge on the guard ring and that charge was not Approved for Public Release; Distribution is Unlimited.
remaining out-of-pixel counts are measured at the noise edge and can be 152 eliminated by slightly increasing the triggering threshold of each pixel.
153
The data presented in this sequence were all responses to 500 keV protons.
154
Similar effects were observed in the response to 250 keV and greater electrons, 
Conclusions
158
Beam testing is an essential part of the development cycle for particle 
